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arly Diastolic Mitral Annulus Velocity in the
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eoul, Korea
OBJECTIVES This study was performed to validate the clinical usefulness of measuring the time difference
between onset of mitral inflow and onset of early diastolic mitral annulus velocity (TEE) for
the evaluation of left ventricular (LV) diastolic function.
BACKGROUND In recent studies, TEE correlated well with the time constant of LV pressure decay (tau),
and the ratio of IVRT/TEE, where IVRT is isovolumic relaxation time, was useful in the
prediction of elevated LV filling pressure.
METHODS Simultaneous left heart catheterization and Doppler echocardiography were performed in 40
patients.
RESULTS The TEE was evaluated in the same cardiac cycle and in the same hemodynamic status in
31 patients. Despite the wide range of tau (31 to 70 ms), there was no delay in the onset of
mitral annulus velocity compared with the onset of mitral inflow (TEE  0) in 27 patients
and, therefore, TEE did not correlate with tau. Only three patients showed prolongation in
TEE, and all three showed tau 50 ms and pre–A-wave pressure 18 mm Hg. In one
patient, mitral annulus velocity began earlier than the onset of mitral inflow. Because TEE
was 0 in the majority of patients, the LV filling pressure could not be predicted by the
previously suggested index of IVRT/TEE.
CONCLUSIONS In contrast to previous studies, TEE did not correlate with tau, and IVRT/ TEE could not
be applied in the prediction of filling pressure, because of the limitation of a zero
denominator. However, prolongation of TEE might suggest an elevated filling pressure in
the setting of prolonged tau. (J Am Coll Cardiol 2004;43:2097–101) © 2004 by the
American College of Cardiology Foundationw
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warly diastolic mitral annulus velocity (E) evaluated by tissue
oppler imaging (TDI) is a relatively load-independent pa-
ameter useful in the assessment of left ventricular (LV)
elaxation (1,2), and the ratio of early diastolic mitral inflow
elocity (E) over E (E/E) has been suggested as an index
epresenting LV filling pressure (3–5). However, in the ab-
ence of cardiac disease, E is reported to be affected by the
oading conditions, and E/E is not accurate in the estimation
f LV filling pressure (6,7). Recently, the time interval between
he onsets of mitral inflow and mitral annulus velocity (TEE)
as proposed as a new index representing LV relaxation (8,9),
nd LV filling pressure can be predicted from IVRT/TEE,
here IVRT indicates isovolumic relaxation time. Compared
ith the E/E, LV filling pressure estimated from IVRT/
EE has been suggested to be more accurate in patients
ithout cardiac diseases (9). This study was performed to
alidate this new index and test the feasibility of applying it in
linical practice.
ETHODS
tudy subjects. Simultaneous LV pressure measurements
nd Doppler examinations were performed in 40 patients
From the Division of Cardiology, Department of Internal Medicine, Seoul
ational University College of Medicine, Seoul, Korea.
Manuscript received November 18, 2003; revised manuscript received February 4,c004, accepted February 10, 2004.ho were undergoing clinically indicated left ventriculogra-
hy or coronary angiography. Patients with valvular steno-
is, significant valvular regurgitation, unstable angina, re-
ional wall motion abnormality at the basal septum, or
pical dyskinesis were excluded. Nine patients were ex-
luded from the analysis; eight because exactly the same
ardiac cycle length between mitral inflow and mitral
nnulus velocity tracing could not be obtained, and one
wing to different systolic blood pressure at the time of
itral inflow and mitral annulus velocity tracing. Remain-
ng for analysis were 31 patients, 19 male and 12 female,
ith a mean age of 51  13 years (range 20 to 69 years).
eft ventricular function was normal (50%) in 26 patients
nd depressed in the other 5 patients with a mean ejection
raction of 56.4  10.9%.
chocardiography. Echocardiograms were obtained using
cuson XP/10 (Siemens, Mountain View, California) with
2.5-MHz transducer. Sample volume (2 mm size) of the
ulsed wave Doppler was placed between the tips of the
itral leaflets on the apical four-chamber view. Pulsed wave
DI was performed by activating the TDI function in the
ame machine. Sample volume was located at the septal side
f the mitral annulus.
Doppler echocardiograms were recorded on a strip chart
ith a sweep speed of 100 mm/s, and at least 10 cardiac
ycles were recorded in both the mitral inflow and the mitral
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LV Diastolic Function and Filling Pressure June 2, 2004:2097–101nnulus velocity recording. One pair of mitral inflow and
itral annulus velocity recordings with exactly the same
ardiac cycle length on the basis of electrocardiogram signals
as selected for analysis. Early mitral inflow velocity (E),
ate mitral inflow velocity, deceleration time of E, early
iastolic mitral annulus velocity (E), and late diastolic
itral annulus velocity were obtained.
ardiac catheterization. Left heart catheterization was
erformed through the femoral approach. The study was
erformed before left ventriculography or coronary angiog-
aphy. Seven-French Millar transducers (Millar Instru-
ents, Inc., Houston, Texas) with single lumen were
ntroduced into the LV, and the pressure wave form was
ecorded in the digital audio tape-recorder (Sony Co.,
okyo, Japan) with a sampling rate of 600 Hz for the later
nalysis of the time constant of LV pressure decay (tau).
au was calculated according to the method described
reviously (10).
tatistics. Statistical analysis was performed with the use of
he statistical package SPSS 10.0 (SPSS Inc., Chicago,
llinois). Statistical relationships were assessed by linear
egression analysis. Differences in the cardiac cycle lengths
etween patients with simultaneous and delayed onset of
itral annulus velocity at different cycle lengths were
ompared using Mann-Whitney U test. A value of p 0.05
as considered statistically significant.
ESULTS
orrelation between TEE and tau. Despite the wide
ange of tau (31 to 70 ms), there was no delay in the onset
f mitral annulus velocity compared with the onset of mitral
nflow (TEE 0) in 27 patients and, therefore, TEE did
ot correlate with tau.
EE in two extreme cases. In the patient with highest
au value (70 ms) included in our study, the LV pre–A-wave
ressure was 8 mm Hg, and this patient showed simulta-
eous onset of mitral inflow and mitral annulus velocity
Fig. 1). In another patient with the highest LV pre–A-
ave pressure included in this study, tau was 35 ms, and this
atient also showed simultaneous onset of mitral inflow and
itral annulus velocity (Fig. 2).
EE and LV filling pressures. In our study, the previ-
usly suggested index of IVRT/TEE could not be applied
ecause of the limitation of dividing by zero. Three patients
Abbreviations and Acronyms
E  early mitral inflow
E  early diastolic mitral annulus motion
IVRT  isovolumic relaxation time
LV  left ventricle/ventricular
tau  time constant of left ventricular pressure decay
TDI  tissue Doppler imaging
TEE  time interval between the onsets of mitral
inflow and mitral annulus velocityhowed prolongation of TEE (Fig. 3), all of whom showed toth tau 50 ms and pre–A-wave pressure 18 mm Hg
Fig. 4).
ffect of different cardiac cycle length in the estimation
f TEE. Among the 10 patients with simultaneous onset
f mitral inflow and mitral annulus velocity (TEE  0) at
he same cardiac cycle lengths, TEE was measured at
ifferent cardiac cycle lengths between the mitral inflow and
itral annulus velocity tracing. Four patients showed dif-
erences between the onset of mitral inflow and mitral
nnulus velocities. The magnitude of differences in the
ardiac cycle lengths was not different between these four
atients and the remaining six who showed simultaneous
nset even at different cardiac cycle lengths (48.3 24.8 ms
s. 35.0  19.1 ms, p  NS).
ISCUSSION
n previous reports, TEE correlated well with tau, and the
V filling pressure was predicted from the ratio of IVRT/
EE. We could not reproduce these results in our study.
he majority of patients (27 of 31, 87%) showed simulta-
eous onset of mitral inflow and mitral annulus velocities
espite the wide range of tau. We cannot suggest a clear
xplanation for this discrepancy; however, several aspects
hould be considered.
The peak velocity of E is determined by the elongation
n the LV long axis. However, in our opinion, the beginning
f E might be attributed to a decrease in the dimension of
igure 1. Mitral inflow and mitral annulus velocity in the patient with the
ighest time constant of left ventricular pressure decay (tau) value included
n this study. Left ventricular filling pressure is normal, and despite the
rolonged tau, there is no difference between the onset of mitral inflow and
itral annulus velocity.he left atrium as well as elongation in the LV long axis. In
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June 2, 2004:2097–101 LV Diastolic Function and Filling Pressureur experience, certain patients show double peaks in early
iastolic mitral annulus velocity, and this phenomenon can
e explained by the mitral annulus velocity resulting from
igure 2. Mitral inflow and mitral annulus velocity in the patient with th
g) included in this study. Time constant of left ventricular pressure deca
nnulus velocities. PCWP  pulmonary capillary wedge pressure.
igure 3. Illustrative case of delay in the onset of mitral annulus velocity com
ressure decay (tau) is prolonged, and left ventricular filling pressure (pre–A-wahe decrease in left atrial volume as the first peak and the
ncrease in LV long axis as the second peak (Fig. 5).
herefore, even if the beginning of the elongation in the LV
est left ventricular (LV) filling pressure (pre–A-wave pressure of 40 mm
) is 35 ms, and there is a simultaneous onset of mitral inflow and mitral
d with the onset of mitral inflow velocity. Time constant of left ventriculare high
y (taupare
ve pressure of 20 mm Hg) is elevated.
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LV Diastolic Function and Filling Pressure June 2, 2004:2097–101ong axis is delayed, the beginning of E and of mitral inflow
ight occur simultaneously.
ractical limitation of measuring TEE. Theoretically,
he onsets of mitral inflow and mitral annulus velocities
hould be compared at the same cardiac cycle lengths.
owever, with the current technology, mitral inflow and
itral annulus velocities need to be obtained separately for
he comparison. In our study, exactly the same cardiac cycle
engths in mitral inflow and mitral annulus velocity tracings
ould not be obtained in eight patients (8 of 40, 20%). As
here are larger differences in the diastolic periods than in
he systolic periods at different cardiac cycle lengths, it could
e interpreted that slight differences in cardiac cycle lengths
igure 4. Time constant of left ventricular pressure decay (tau) and
re–A-wave pressure in patients with time interval between the onsets of
itral inflow and mitral annulus velocity (TEE) of 0, 0, and 0.Figure 5. Two peaks in the early diaight be permissible in the measurements. However, when
EE was measured at different cardiac cycle lengths
etween mitral inflow and mitral annulus velocities in the 10
atients with simultaneous onset of mitral inflow and mitral
nnulus velocities (TEE  0) at the same cardiac cycle
engths, four patients showed a difference in the onsets
TEE  0). Moreover, these erroneous results of TEE
easurement, resulting from different cardiac cycle lengths,
ould not be predicted from the magnitude of the difference
n cardiac cycle lengths.
The measurement of TEE can also lead to an erroneous
esult when hemodynamics are not the same during two
eparate measurements. One patient was excluded in our
tudy owing to a significant increase in systolic blood
ressure during mitral annulus velocity measurement. In
his patient, the onset of mitral annulus velocity appeared to
e delayed compared with the onset of mitral inflow at the
ame cardiac cycle lengths. However, LV pressures at the
nsets of mitral inflow and mitral annulus velocities were
he same, and TEE0 resulted from the delay in reaching
itral valve opening pressure as the systolic pressure was
ncreased when mitral annulus velocity was obtained (Fig.
). Finally, the previously suggested index of IVRT/TEE
or the prediction of LV filling pressure could not be applied
hen mitral inflow and mitral annulus velocity started
imultaneously because of the mathematical limitation of
ividing by zero. In a previous report (9), IVRT/TEE
ould be obtained in all patients with positive values,
ndicating that TEE 0 in all patients. In the measure-
ent of TEE, they used different methodology. Instead of
atching cardiac cycle length, they measured the differencestolic mitral annulus velocity.
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June 2, 2004:2097–101 LV Diastolic Function and Filling Pressureetween the interval from the peak of the R-wave to the
nset of E velocity and the interval from the peak of the
-wave to the onset of E velocity. They measured TEE at
our areas of the mitral annulus, and averages of these
elocities were used. In our study, a majority of the patients
howed TEE of 0; therefore, this index could not be
pplied in the prediction of LV filling pressure. When
EE is 0, which has been noted in normal subjects (11)
nd also in one patient included in our study, these patients
ight erroneously be classified as having high LV filling
ressure when this index is used.
ONCLUSIONS
n contrast to previous studies, TEE did not correlate with
au, and IVRT/ T could not be applied in the prediction
igure 6. Apparently, mitral inflow velocity (A) starts earlier than the
itral annulus velocity (B). However, systolic left ventricular pressures are
uite different between the two measurements. Mitral inflow and mitral
nnulus velocities start at the same left ventricular pressures (arrows), and
he delay in the onset of mitral annulus velocity results from the delay in
eaching the same mitral valve opening pressure as in mitral inflow velocity.
au  time constant of left ventricular pressure decay.EEf filling pressure. Obtaining two separate measurements at the
ame cardiac cycle lengths and hemodynamic status in effect
imits the application of this index in clinical practice. How-
ver, the prolongation of TEE might suggest an elevated
lling pressure in the setting of prolonged tau.
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